Introduction {#s1}
============

The coronavirus disease 2019 (COVID-19) pandemic is impacting healthcare systems worldwide on a hitherto unprecedented scale. Aerosol generating procedures are suspected to be a source of infection with severe acute respiratory syndrome-coronavirus-2 (SARS-CoV-2) for healthcare workers and patients. In this context, bronchoscopy is of particular significance as airway interventions are indispensable in the diagnosis and management of acute respiratory diseases. Yet, the aerosol generating procedure puts personnel at a special risk of infection \[[@C1]\].

To offer guidance in this situation, national societies, such as the German Respiratory Society (DGP), have issued recommendation statements \[[@C2]\]. These are based on expert opinions and the limited evidence available in this highly dynamic situation. However, little is known about the individual endoscopy units\' structural and procedural ability to follow these recommendations. We conducted this survey to provide real-world data on German bronchoscopy units for further improvement of the regularly updated guidance statements.

Methods {#s2}
=======

In an expert panel, we derived questions on structural, procedural and personnel-related measures from the recommendations of the DGP and the European Society for Gastrointestinal Endoscopy \[[@C2], [@C3]\]. In addition, managers of endoscopy units were asked to provide individual approaches and their expectations for the future regarding personal protective equipment (PPE), shortages in staff and financial implications. Altogether, the survey contained 33 yes/no, multiple choice, Likert scale and free text questions. The full survey can be found in the [supplementary material](http://openres.ersjournals.com/lookup/doi/10.1183/23120541.00396-2020.figures-only#fig-data-supplementary-materials).

The local institutional review board approved the study (Versorgungsrealität in deutschen Endoskopiezentren in Zeiten der COVID-19-Pandemie, IRB no. 2020-044) and Good Clinical Practice standards were adhered to. The survey was conducted *via* the online survey tool LimeSurvey ([www.limesurvey.org/en/](http://www.limesurvey.org/en/)), distributed electronically by the DGP and German Society of Gastroenterology, Digestive and Metabolic Diseases and addressed to endoscopy unit managers. The survey was open from 1 April to 7 April 2020, a phase of continued but slowed exponential growth in case numbers ([figure 1](#F1){ref-type="fig"}).

![Survey timeframe in context of major events and progress of the coronavirus disease 2019 (COVID-19) pandemic. Neighboring European countries are plotted for comparison. For clarity, cumulative cases are plotted on a logarithmic scale. Data were retrieved from the Johns Hopkins University (Baltimore, MD, USA) \[[@C13]\].](00396-2020.01){#F1}

In this article only data from respiratory medicine-oriented units are presented and discussed. The complete responses, including solely gastrointestinal endoscopy units, have been published in an abridged report elsewhere \[[@C5]\].

Results {#s3}
=======

Altogether, 107 bronchoscopy units answered our survey as well as 113 interdisciplinary units. The responses from two bronchoscopy units\' were excluded as they were from outside Germany. Based on voluntarily provided postal codes, we screened for duplicates and did not identify any. For reasons of clarity we only show data from solely bronchoscopy units and indicate results that deviate \<5% for both interdisciplinary and bronchoscopy units with an asterisk (\*). A full table of results is provided in the [supplementary material](http://openres.ersjournals.com/lookup/doi/10.1183/23120541.00396-2020.figures-only#fig-data-supplementary-materials).

Responses were spread all over Germany with a focus in the southern (24%\*) and eastern (19%\*) regions (west 12%, north 10%\*), while 22%\* remained anonymous. The majority of responses came from hospitals (26%\* university or maximum care facility, 63%\* general or basic care) and 12 (11%\*) out of 105 were from practices and outpatient clinics.

Cancellations {#s3a}
-------------

Fractions of cancelled interventions varied between endoscopy units and were distributed evenly along the spectrum ([table S1](http://openres.ersjournals.com/lookup/doi/10.1183/23120541.00396-2020.figures-only#fig-data-supplementary-materials)). While 17%\* of units did not cancel any interventions, 16% cancelled \>80% of their interventions. Particularly, practices and outpatient clinics cancelled \>80% of interventions (10 out of 12\*), in contrast to hospitals of any size (7 out of 93\*). Smaller units (\<2000 interventions per year) cancelled more interventions in relation to large (\>2000) units ([figure 2](#F2){ref-type="fig"}). Here, 40%\* of smaller units cancelled ≥60% of interventions as opposed to 11% of larger units.

![Fraction of cancellations by unit size. Bronchoscopy units are divided into smaller units (\<2000 procedures per year, n=60) and larger units (\>2000, n=45). \*: fractions deviating \<5 percentage points for combined data from interdisciplinary and bronchoscopy units (n=218).](00396-2020.02){#F2}

Separation of high-risk patients {#s3b}
--------------------------------

22%\* of units were able to completely separate proven or suspected COVID-19 patients. In addition, 5%\* were able to conduct procedures in a negative pressure room. In contrast, 42% could only partially (either endoscopy suite or peri-interventional) separate and 31% were not able to separate at all ([figure 3](#F3){ref-type="fig"}). 32% of hospitals were able to reserve separate equipment for COVID-19 patients. The size of units did not influence separability.

![Spatial separability of high-risk patients within endoscopy units. Partial separability was given when either a separate endoscopy suite or separate peri-interventional area were available. For ideal conditions, units had to perform interventions in a negative pressure room in addition to complete separability. \*: fractions deviating \<5 percentage points for combined data from interdisciplinary and bronchoscopy units (n=218).](00396-2020.03){#F3}

Personnel {#s3c}
---------

54%\* of the units had a second team available if one had to move into quarantine. Half of the endoscopy managers also identified staff at risk for severe causes of COVID-19 and subsequently deployed these persons accordingly (low-risk area, administrative tasks, second team) in 77%\* of cases. Routine swabs for staff were rarely conducted (10%\*). In many cases (81%\*) an infectiologist or hygiene specialist was consulted. Practices were restricted in their access to specialist consultations (50%\*) as opposed to hospitals (85%\*).

Procedural measures {#s3d}
-------------------

Endoscopy units adopted procedural measures recommended to a varying degree. Structured risk stratification in patients (95%\*), training to handle COVID-19 patients and PPE (91%\*), risk adapted use of PPE (85%\*) and self-monitoring for staff (84%\*) were adopted well ([figure 4](#F4){ref-type="fig"}). Almost half of units (48%\*) updated their instructions for the processing and cleaning of equipment. Pre-interventional swabs on patients were conducted in 32%\* of units and a routine follow-up of patients was rare (11%\*).

![Implementation rates for procedural measures. COVID-19: coronavirus disease 2019; PPE: personal protective equipment. \*: fractions deviating \<5 percentage points for combined data from interdisciplinary and bronchoscopy units (n=218).](00396-2020.04){#F4}

Expectation for the future {#s3e}
--------------------------

Regardless of unit size, expectations of endoscopy managers were predominantly negative: 74%\* expect shortages in PPE and 68%\* shortages in staff. Furthermore, 63% supposed financial losses threatening the economic survival of the unit to be likely or very likely ([figure 5](#F5){ref-type="fig"}). For practices and outpatient clinics, 93%\* are expecting or already experienced shortages in PPE.

![Expectations of managers of endoscopy units for the future. Diverging bar chart with neutral split indicated by vertical line. 5-step Likert scale for shortages in personal protective equipment (PPE), shortages in staff and financial losses threatening economic survival of the unit.](00396-2020.05){#F5}

Discussion {#s4}
==========

On 18 March 2020, the DGP issued their guidance statement on the conduct of bronchoscopy during the COVID-19 pandemic for Germans \[[@C2]\], and other national societies have published further recommendations \[[@C6]--[@C9]\]. However, national guidelines differ considerable concerning recommendations for indications, use of PPE, optimal sedation regimen and other aspects, which reflects the limited evidence available in this highly dynamic situation \[[@C10]\].

National guidelines agreed on pre-interventional risk stratification of patients based on symptoms, sick contacts and vital signs \[[@C10]\]. According to our survey, this procedural measure was well adopted by endoscopy units. While risk stratification is undoubtedly needed, current evidence suggests that peak transmission is observed before the onset of symptoms \[[@C11]\]. Therefore, the assumed effectiveness of risk stratification protocols relying on symptoms and vital signs as a cornerstone might be limited. Consequently, protocols might be augmented by swabs for SARS-CoV-2 which were already implemented in one-third of units. However, availability, costs, latency of results and an estimated 20% false-negative rate might limit routine pre-interventional swabs as a viable strategy \[[@C12], [@C13]\].

Further procedural measures were adopted in most units except the routine follow-up of patients that is not mentioned in the DGP guidance. The survey questions concerning personnel were without corresponding items in the DGP statement either. However, many endoscopy managers identified personnel at risk for severe courses of COVID-19 and deployed these in low-risk areas. These common sense measures were implemented albeit missing sound evidence for their effectiveness. Also, the psychological burden for staff at risk working in a potentially high-risk environment must be acknowledged. Routine SARS-CoV-2 swabs for staff were a rarity. However, as pre-symptomatic transmission has to be considered, routine tests might be a reasonable strategy to avoid spreading the virus *via* endoscopy units without knowing.

A considerable fraction of interventions were cancelled in most units. Of note, 32% of units cancelled \<20% of procedures. Units with higher workload cancelled fewer interventions compared to lower workload units. It can be speculated that this is due to a greater fraction of hard to postpone procedures such as cancer diagnostics in larger units. The DGP statement left the decision as to which interventions to classify as elective or non-urgent in non-COVID-19 cases to endoscopy managers. While this practice allowed unit managers to adapt individual cancellations to local circumstances, the low cancellation rate in one-third of units suggests that endoscopic activity may not have been solely oriented on epidemiological concerns. In this context, the American Association for Bronchology and Interventional Pulmonology guideline might serve as a model, detailing which types of bronchoscopy are to be classified as non-urgent, urgent or emergency \[[@C7]\].

Endoscopy mangers stated different, yet, interlocking reasons for cancellations apart from DGP recommendations. These ranged from a lack of PPE to missing spatial separability of COVID-19 patients. Separation of high-risk patients was limited or impossible in 73%\* of units. Only 5% had ideal structural conditions including a negative pressure endoscopy suite. As such, when planning endoscopy units in the future, structural conditions should allow for a short-term temporary spatial separation of patients.

Lack of PPE was a major concern for endoscopy managers as some declared to have ceased all endoscopic activity as a result of missing PPE. Accordingly, a shortfall in supply of bronchoscopy interventions might arise that would not only affect COVID-19 patients.

With responses from 218 interdisciplinary and solely respiratory medicine focussed endoscopy units, our survey most likely is representative of the nationwide endoscopic activity. However, the concrete number of German endoscopy units is not available to confirm this claim. Furthermore, 22% of unit managers remained anonymous and duplicates in these cases could not be ruled out.

We limited this survey to German endoscopy units for which the DGP guidance statement was issued. Transferability of findings from this survey to other healthcare systems or divergent epidemiological situations may, therefore, be limited. Finally, the questions of this survey were raised during an early period of the pandemic and critical points were already realised in many German hospitals.

Conclusion {#s4a}
----------

In this unprecedented situation, endoscopy units quickly adapted to mitigate infection risk. While spatial separability of COVID-19 patients was limited in most units, procedural measures were adopted well. Pre-interventional risk stratification protocols may need to be updated, as symptom-based strategies are limited due to rising evidence of pre-symptomatic transmission. In addition, PPE shortages are perceived to be the most imminent threat to endoscopic activity. In this era of uncertainty, recommendations oriented on facts and local conditions as described in this study are urgently needed.

Supplementary material {#s5}
======================
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